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ABSTRACT
A method to detect and quantify polymerase chain reaction
(PCR) product from a DNA target fragment associated with
Acquired Immunodeficiency Syndrome (AIDS) was developed. The
current method to detect PCR product is by Agarose Gel
Electrophoresis and staining with ethidium bromide, but
quantitation is by the operator's estimation. As a result of
this project, the PCR product can be detected by High Pressure
Liquid Chromatography (HPLC) and the amount of product can be
determined by using an internal standard. By detection of the
PCR product on the HPLC and subsequent quantitation, the
efficiency of the PCR can be determined. Samples from different
PCR experiments (all using the HIV-1 target fragment) were
tested using the HPLC method to determine the product's
concentration .
-ix-
INTRODUCTION
A. Background
During the past decade, Acquired Immunodeficiency Syndrome
(AIDS) has become a disease of major medical focus on its cause,
methods of transmission and detection, and methods for
prevention and treatment. One journal (Science) dedicated a
major section dealing with the etiology of AIDS both worldwide
and in the United States. The cause of AIDS has been attributed
to a retrovirus, specifically HIV-1 (1) . Since the discovery of
this causative agent, numerous publications dealing with such
topics as the rate of incidence in the United States and
worldwide and methods of transmission and detection using a
variety of DNA probe techniques have been described (1-6). The
current clinical method for detection of HIV-1 is a combination
of a positive ELISA (Enzyme Linked Immunoassay) for the HIV-1
antibody and confirmation with Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) using the Western
blot staining technique. Research is being done to detect the
virus itself by use of DNA probes. Several articles have
reviewed the available DNA probe techniques (7-10) . The DNA
probe's advantage is its high specificity for the target
strand. Unfortunately, the amount of target present or how much
can be detected is quite low except for one new promising
technique.
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The Polymerase Chain Reaction (PCR) was developed by Mullis
and his coworkers at Cetus Corporation (11) . PCR employs the
use of the polymerase enzyme to amplify a specific target strand
thousands of times so that ultimately the target can be detected
by conventional methods, such as gel electrophoresis or HPLC.
The PCR reaction, although sophisticated, is quite easy to
perform. The DNA target can be used in its native form or
incorporated into a plasmid or phage. The target is then added
to a reaction mix containing an excess of deoxyribonucleotide
triphosphates (dNTP's) , buffer, a DNA primer or set of primers
unique to the ends of the target strand, and the polymerase
enzyme. Originally, the Klenow polymerase enzyme was used; but
with the discovery of the Taq polymerase enzyme from Thermus
aquaticus, this enzyme is used standardly now because of its
high temperature stability -
The PCR reaction is run cyclically. During the first
cycle, the primers locate the target strands and a complementary
strand is synthesized by the Taq polymerase with the dNTP's.
One primer is complementary to the target sequence of the
positive strand, and the second primer is complementary to the
end of the target negative strand. The primer (s) may or may not
be biotinylated. By attaching a biotin group on the primer,
hybridization testing can be done to ensure the proper target
sequence has been amplified. The temperature is then raised to
melt the strands. After the temperature is raised and the DNA
strands separated, the temperature is lowered to start a second
cycle, which this time has four sites for the primers to locate
and to enable synthesis of DNA. Thus, after each cycle, the
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number of target strands is duplicated by an exponential
function versus simple doubling. This is shown in Figure 1. A
review of PCR and PCR applications is provided by Oste (12) .
Theoretically, via PCR, a DNA target strand may be amplified
2n
where n is the number of cycles the reaction has done. As
an example, after 3 0 cycles, one target strand of DNA would
yield 1 x 109 copies. The exact amount of PCR product
produced is not known, but it is known that theoretical results
are not obtained since there are misincorporations and loss of
enzyme activity as the number of cycles increases. The common
method of detection of PCR product is by gel electrophoresis
using agarose as the medium, although polyacryamide gels are
also used. The doubled-stranded DNA product of the PCR reaction
is stained with ethidium bromide and the size verified by using
DNA marker standards. Verification of the correct product, in
addition to size, is done by reaction with specific restriction
enzymes or by hybridization with probes. However, the amount
produced is a qualitative estimate by the experimenter since
there is no way to accurately measure the product from the gel .
An alternative method of detection is by High Pressure Liquid
Chromatography (HPLC) .
Waters Associates offers an anionic exchange column called
the Gen-Pak Fax column. A HPLC gradient using this column
has been described by Warren for resolving oligonucleotides
(13). The phosphate groups of the DNA interact with the
column. They are displaced, according to size of the fragment,
by an ionic gradient. The ionic gradient is made through the
-3-
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use of two solvents, one with no salt and one with high salt
(i.e., 1 M NaCl) . This column offers the possibility of leading
to a method for detection and quantitative determination of PCR
product if a proper calibration curve can be constructed.
The combination of a unique target sequence associated with
AIDS, using PCR technology, and development of a HPLC method to
quantitate the PCR product would lead to new strategies for
detection of HIV-1. This early detection, along with developing
pharmaceuticals, would be a major step in curbing the spread of
AIDS.
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II . Purpose
The purpose of this project was to establish a method that
would detect and quantify the PCR product associated with a DNA
fragment of the AIDS virus. The first goal was detection of the
product by using the Waters Gen-Pax Fax column. This goal
involved two points: 1) detection of the PCR product and, 2)
separation from the other components of the reaction. As seen
in Figure 1, the PCR product mix consists of unreacted dNTP's,
unreacted primers, Taq polymerase, the desired PCR product
(sometimes termed the "short" product) , and several products of
different size, including the "long" product. These differences
can be detected on an agarose gel, but it would be necessary to
show that these differences could also be observed on the HPLC
column. The second goal was to quantify the amount of PCR
product made. Once it was established that the product could be
detected, radiolabeling the PCR product and measuring the
radiolabeled PCR product from the HPLC separation would provide
a concentration for the area determined by the HPLC separation.
This would create a calibration curve for future PCR product
made from this target sequence.
The final goal of the project was use of this method to
determine the efficiency of a given PCR experiment. By
separation of the product from other materials in the mixture
and quantifying the amount of the product, the efficiency of the
PCR reaction could be determined by comparison of the initial
concentration of the target and the final concentration.
-6-
III. EXPERIMENTAT,
A. Materials
All chemicals were ACS reagent grade, unless noted
otherwise. All water was distilled and deionized from a Milli-Q
water system from Millipore.
Gel electrophoresis was done using the wide mini-sub DNA
electrophoresis cell from Bio-Rad, along with the Model 3000/300
power supply from Bio-Lab Laboratories (Richmond, California) .
The electrophoresis buffer was Tris/Borate/EDTA (0.09 M, 0.08 M,
0.1%, respectively) made from separate stock chemicals or
purchased as a prepared mix from Sigma Fine Chemicals or Eastman
TM
Kodak Company. Agarose gels were made using Sea-Kem and
NuSieve M agarose from FMC. Ethidium bromide, sodium
chloride, tris (hydroxymethyl) -aminomethane (or Tris) , and
standard laboratory acids and bases were purchased from Eastman
Kodak Company. DNA marker standards used for gel
electrophoresis and HPLC were purchased from New England
Biolabs, Bio-Rad Laboratories, International Biotechnologies,
Inc., and Bethesda Research Laboratories (Appendix 1).
The HPLC system was from Waters Associates. It consisted
of dual Model 510 pumps, the Gen-Pak fax columm, and the
Wisp 710B for sample injection. Initially, the pumps were
-7-
controlled by Waters Model 680 Automated Gradient Controller and
data collected using the Waters 745 Data Module. However, in
order to obtain acceptable reproducibility, the Waters 840 Data
System was used for control of the pumps, Wisp 710, data
collection, and data manipulation. The detection system was
absorbance measurements at 260 nm using the Spectroflow 757
Absorbance detector from Kratos Analytical or Waters Model 4 9 0E
multiwavelength detector. The HPLC solvents were 0.02 5 M Tris,
1 mM EDTA, pH 8 . 5 (solvent A) and 0.2 5 M Tris, 1 mM EDTA, 1 M
NaCl, pH 8.5 (solvent B) that were filtered and degassed using a
0.45 micron filter and filtering assembly from Millipore.
In Appendix 2 , the care and use manual for the column from
Waters Associates is shown. When not used, the Gen-Pak fax
column was rinsed with filtered milli-Q treated water and stored
at 4C to prevent microbial growth. A water/azide solution
cannot be used for this column since the azide reacts with the
column matrix and degenerates it. Before the column was used,
it was removed from the refrigerator and equilibrated with
solvents A and B at initial conditions. The preparation time
for using the column and cleaning the column after use accounted
for approximately two hours.
HPLC fractions were collected using an ISCO Model 1220
fraction collector. Samples were lyophilized using a Virtis
Company lyophilizer, and samples were desalted using the NAP-10
column from Pharmacia.
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Samples of the two primers, PCR product of the HIV-1
target, and PCR product from a 110 oligomer for detection on the
HPLC were provided by M. King. The components for the PCR
reaction included a stock solution of the dNTP's from Pharmacia,
Taq polymerase from Cetus Corp., human genomic DNA from Sigma
Chemical Co. , two primers made by Life Sciences Research
Laboratories personnel, and the target DNA which is a 115 base
sequence from the HIV-1 genome. The PCR reaction was done using
the Perkin-Elmer thermal cycler for 3 0 cycles in which the
temperature was ramped from 95 C to 55C to 70C for each
cycle. In all experiments, the PCR product mix used was made by
M. King (except for the radioisotope experiment in which
S. Fenton, M. King, and myself were involved) .
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B. Methods :
The existing method to detect and estimate the amount of
PCR product produced is by DNA gel electrophoresis using
agarose. Gel electrophoresis was done to identify the product,
confirm results, and provide a base for improvement. The gel
electrophoresis experment was performed by casting a 4% agarose
gel (3% Nuseive/1% Seakem from FMC) on a Bio-Rad wide mini-sub
DNA cell. The buffer was the standard Tris/borate/EDTA used in
gel electrophoresis and was prepared using the prepackaged Kodak
TMBufferEZEX11 Formula 3. Samples were loaded into the sample
wells using an Eppendorf pipette. One set or more of DNA
standards (mentioned in the "Materials" sections) were run along
with the samples each time the electrophoresis was done. The
gel was electrophoresed for one hour at 100 constant volts,
stained with ethidium bromide solution (1 mg/L concentration)
for 30 minutes, and visualized using a UV light box. In later
experiments, ethidium bromide (0.5 mg/L concentration) was in
the buffer solution so immediate visualization of the gel could
be done by using a UV light box. Photographs of the gels were
taken using a Polaroid camera with Type 667 film with
adjustments to the f-stop and shutter speed to enhance the
quality of the gel. In the initial electrophoresis experiment,
the Bio-Rad DNA standard set with base pairs (bp) from 88 to 1764
bp was run with sample loads ranging from 0.2 to 0.5 ug. This
was done to evaluate the separation and detection limit using
the agarose gel. In subsequent experiments this standard (or a
comparable DNA standard) was used to confirm the size of the PCR
product.
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The Bio-Rad DNA standard was used as a sample on the Waters
HPLC system as described in the "Materials" section. Since the
available amount of PCR product is low, DNA standards were used
to establish an optimun separation method using the Waters
Gen-Pak Fax column. Modifying the method of Warren (13),
solvents, flow rate, and run time were optimized for separation
of the components of the PCR product mix. This was done
specifically for the PCR product so quantitative determinations
could be made. Once the optimum conditions were determined, all
subsequent HPLC experiments were run using those conditions.
Following optimization of the HPLC conditions, several HPLC
analyses were done in which samples of individual dNTP's and a
combination of the dNTP's were analyzed. Also, samples of the
two primer materials (both individually and together) and a Taq
polymerase sample were analyzed. Finally, injection of the
total PCR product mix from the HIV-1 target and injection of the
PCR product mix from a 110 mer target were analyzed. These
experiments were done to establish separation of the various
components of the PCR reaction mix and detection of these
components in order to quantitatively determine the 115 mer
tarqet sequence associated with HIV-1. The 110 mer target,
associated with B-globin, was used to show differentiation from
two closely sized target sequences that could be used in the PCR
reaction.
From the series of HPLC analysis done with PCR product mix
using the 110 mer target, the 115 mer target, and the Bio-Rad
DNA standard mix, a peak was detected that corresponded to the
11-
115 mer target from HIV-1. To confirm that this peak was
indeed the PCR product, a sample of PCR product was injected on
the HPLC and fractions were collected.
The fractions were desalted and lyophilized, as described in the
"Materials" section. A sample of the original PCR product mix
and samples from the reconstituted fractions (reconstituted with
Tris/borate/EDTA buffer) were loaded onto a 4% agarose gel with
appropriate DNA standards and electrophoresed, as described
previously.
Subsequent to the quantitation of the product, a series of
HPLC analyses were done to determine the relative range of
detection of PCR product. Injections of PCR product mix from 20
to 200 ul were done in duplicate and on different days to
determine the detection range, linearity of response, and
reproducibility. It was during this series of experiments that
the integration system was changed from the Waters Automated
Gradient Controller to the Waters 745 Data Module. The latter
allowed more precise measurements since enhanced integration of
each peak was possible by the computer system.
The quantitation of the PCR product was done by running the
PCR reaction with a mixture of tritiated dATP and non-
radiolabeled dATP. The concentration and specific activity
of the tritiated dATP was provided by the vendor. New England
Nuclear Research Labs (concentration =2.5 mCi/ml , specific
activity =16.8 Ci/mMole) . Two PCR reactions were done side by
side to insure product integrity. One PCR reaction was done
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using standard reaction components, and one PCR reaction was
done using the standard reaction components adjusted with the
radiolabeled dATP- Table 1 lists the materials and amounts for
each reaction. In the radiolabeled experiment, 1/11 of the
final concentration of the total dATP used in the reaction was
radiolabeled. Both reactions were run in the Perkin-Elmer
thermal cycler for 3 0 cycles as described in the materials
section.
TABLE 1
Reagents for PCR Reaction
Radiolabeled ("Hot") Run
Buffer
Primers
dNTP's
3H-dATP
Genomic DNA
Taq polymerase
Water
Target
100.0 ul
200.0 ul
80.0 ul
8.0 ul
18.6 ul
20.0 ul
473.4 ul
100.0 ul
Standard
("Cold") Run
100.0 ul
200.0 ul
80.0 ul
0.0 ul
18.6 ul
20.0 ul
481.4 ul
100.0 ul
The product mix of both samples was then run on a 4% agarose gel
(as described previously) to confirm product. Confirmation of
the product was done by determination of size based on position
in the agarose gel using DNA standard markers and reaction of
the product with an oligo bead capture experiment. This
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procedure was done by M. King, and a description of the
procedure is given in Appendix 2 .
The radiolabeled product from the above PCR reaction was
injected onto the HPLC and run using the HPLC conditions
described earlier. Fractions were collected at the retention
time identified earlier as the products peak and the fractions
are counted using the LKB scintillation counter (described in
the "Materials" section) . The counting efficiency of the
scintillation detector is 27%.
The concentration of the PCR product can be calculated by
converting the detector counts to disintegrations per minute
(dpm) and this can be converted to curies. The amount of
radioactivity in the product is dependent on the concentration
of 3H-dATP. Using the specific activity of the 3H-dATP and
the dilution effect of 3H-dATP to dATP, the concentration due
to dATP can be calculated. Since the target sequence is known,
the number of possible dATP's incoporated is known. Using this
factor, the concentration of the final PCR product mix can be
determined. The area of the product peak was integrated using
the Waters 845 Data Module.
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The original concentration of the target strand in the
above experiment was 5000 copies (or molecules) per milliliter.
Using equation 1, the efficiency of the reaction was determined
since the initial and final concentrations of the product are
known .
Fc = Jc * ( 1 +e)n (1)
where Fc is the final concentration,
Ic is the initial concentration,
e is the efficiency (% efficiency is e * 100%) ,
n is the number of PCR cycles
(for this experiment, n = 30) .
Using material from the PCR reaction above as a standard
(where no radiolabeled material was used) , a series of samples
from other PCR experiments using the same target were assayed to
determine product concentration.
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IV. Results and Discussion:
Figure 2 is a photograph of the 4% agarose gel
electrophoresis experiment as described in experiment 1 of the
"Methods" section. Appendix 2 contains the data sheets on the
DNA standards used in this experiment (DNA bp standards from
Bio-Rad and Bethesda Research Laboratories) . Using the
conditions described in the "Methods" section, the 12 3 bp
fragment from BRL is seen easily (as noted by the closed arrow
on the figure) ; and separation of the larger fragments from 222
to 800 can be seen. The 88 bp fragment is observable on the
actual gel but is not easily seen in the photograph. Its
position is below the 123 bp fragment (as noted by the open
arrow). In this experiment, levels from 0.2 to 0.5 ug of the
Bio-Rad standard were loaded onto the gel; and it was only in
the lane where 0.5 ug of material was loaded that the
experimenter can see the 88 bp fragment (lane 6 in Figure 2) .
If the assumption is made that each fragment is of equal
concentration at the 0.5 ug concentration, each bp fragment
would represent 50 nanograms (i.e., 500 ng divided by 10 bp
fragments) . This is a high estimate for the detection level of
DNA fragments by agarose gel electrophoresis using ethidium
bromide staining. However, this estimate can be used to give
qualitative estimates on the amount of PCR product being
detected and the levels at which the Waters Gen Pak Fax column
must detect in order to compete as a detection/quantification
tool.
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FIGURE 2
Gel Electrophorogram of DNA Standards
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Lanes 1, 4, 8, and 12 are Bethesda Research Laboratories
bp DNA ladder. Lanes 2, 6, 10 and 14 were loaded with DNA
standards from Bio-Rad. The gel is a 4% agarose gel, using
Kodak BufferEZE formula 3 and run for 70 minutes at constant
voltage setting of 100. The open arrow depicts the 12 3 bp
fragment and the closed arrow shows the area where the 88 bp
fragment can be seen but just barely.
123
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A method to detect and separate DNA fragments using the
Waters Gen Pak Fax column was described by Warren (13) . In his
method, bp fragments up to 50 bp length were separated. Since
then, Waters has shown separation and detection of fragments up
to 1 kb (14) . The Gen Pak Fax column uses a polymeric resin
that allows anion exhange when run under an ionic gradient.
Modifications to the buffering system and conditions were made
when used for detection of the DNA standards because of the
larger-size fragments and the purpose of obtaining the best
separation. Instead of using 0.025 M Tris/HCl, 0.1 mM EDTA, pH
7.5 (for solvent A and with 1 M NaCl in solvent B) , the pH of
the buffer was increased to pH 8.5. The flow rate was also
decreased from 1.0 to 0.8 ml/min. These two modifications
helped increase the separation of the fragments and also reduced
the pressure on the column. The change in pH was suggested from
earlier experiments performed by persons in Life Sciences, as
was the change in flow rate. During the course of the
experiment, higher flow rates were tried; but the increase in
pressure to the columm and columm performance was not
satisfactory. Using the solvent system, several HPLC analyses
were done changing the ionic gradient and run time to maximize
the separation of the DNA fragments using the Bio-Rad DNA
standard as a sample. From these experiments, the optimal
conditions for separation and detection were obtained.
Figure 3 is a chromatogram of a DNA standard from Bio-Rad
run using these conditions. The chromatogram
shows seven peaks
compared to the ten fragment sizes expected (as seen in the
-18-
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product description in Appendix 2) . There is no value for
attenuation used when using the Waters 845 Data Module since it
records the signal directly and allows the user to change the
visualization of the chromatogram by altering the millivolt
range. On the Waters automated gradient controller, an
attenuation of 4X to 16X was used with an Absorbance Unit Full
Scale range (AUFS) of 0.01. The HPLC conditions used to obtain
the chromatogram in Figure 3 are listed in Table 2.
TABLE 2
HPLC Conditions
Column: Waters Gen-Pak Fax
Solvents: Solvent A: Tris-HCl/EDTA (0.025 M,0.1 mM) , pH 8.5
Solvent B: Tris-HCl/EDTA/NaCl (0.025 M,0.1 mM,1.0 M) ,
pH 8.5
Flow rate: 0.8 ml/min
Separation: ionic gradient
Run Time: 55 min
GRADIENT :
+
Time: % Solvent A % Solvent B Curve ml/min
Initial 60 40
* 0.8
5 min 50 50
6 0.8
35 min 35 65
6 0.8
40 min 0 100
6 0.8
55 min 60 40
1 0.8
+ Curve 6 is a linear gradient
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Samples of dNTPs, primers, and PCR product were assayed on
the HPLC using these conditions. Individual dNTP's are not
separated using these conditions. The dNTP's eluted from the
column between two to five minutes after injection. The primers
(both the same size but different sequence) eluted after eight
to ten minutes. Because of the amount of primer material in the
PCR product mix, the two individual primers are not
distinguishable using these conditions. The HPLC analysis of a
Taq polymerase sample showed no detection or shift of baseline
when compared to a water blank. After the elution times of the
dNTP's and primers were determined, a sample of the PCR product
associated with the HIV-1 target was analyzed. Figure 4 is the
chromatogram of the PCR product mix. The large peak at 2.73
minutes is the dNTP's eluting, and the primers elute at the peak
identified at 6.88 minutes. This leaves the PCR product to be
either the peak at 17.4, 24.6, or 25.8 minutes. Based on the
DNA standards, a retention time of 24.6 or 25.8 minutes would be
expected for the product. An HPLC assay of a 110 bp sequence
from a PCR reaction mix shows a large peak at 22.76 (shown in
Figure 5). This strongly suggests that the peak at 2 4.6 minutes
is the PCR product peak. The smaller peak at 25.8 minutes could
be the associated long product or an unidentified by-product of
the PCR reaction.
In order to verify the correct detection of the
PCR
product, a 100 ul sample was injected and run
under the
conditions described in Table 2. Fractions were collected at
6-9 minutes, 23.5-25.5 minutes, and 25.7-28
minutes. The
-21-
FIGURE 4
HPLC Chromatogram of PCR Product from HIV-1
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FIGURE 5
HPLC Chromatogram From PCR Product Mixfrom no Oligomer Target
* -
v
3 *
- f
660 001
((((((((((( (i( ( mi ( ( ( (iiiii i iiiii i i i i i i i ; . . : i i i ij i i in i.
-23-
fractions were desalted using a NAP-10 column from Pharmacia and
then freeze dried. The samples were lyophilized overnight as
described in the "Methods" section. The samples were then
reconstituted in Tris/borate/EDTA buffer and applied onto a 4%
agarose gel, as described earlier. A duplicate sample of the
PCR (not run on the HPLC) was also electrophoresed along with
PCR product of a 110 mer target and several DNA standards.
Figure 6 is the electrophorogram of the gel. Lanes 8 and 14 are
the PCR product not run on the HPLC and lanes 6 and 13 contain
the sample fraction collected at 23.5-25.5 minutes. This lines
up perfectly with the PCR product as detected in lanes 6 and
13 . Lanes 10 and 15 contain the fraction from the later peak
(25.7-28 minutes) and no band is visualized. This suggests
three possibilities regarding the sample: 1) it is below the
detection of the ethidium bromide staining technique, 2) it is
single stranded (ethidium bromide does not stain single stranded
DNA) , or 3) it is an artifact.
From the results observed in Figure 6, it may be concluded
that the peak observed at 24 minutes is the PCR product
associated with the HIV-1 target sequence. Further verification
that the band seen in lanes 8 and 14 is the correct product was
determined by the oligo bead capture method described in
Appendix 3. This method of verifying the PCR product is done by
Marlene King after each PCR reaction. A restriction enzyme
assay that cuts the correct product to two smaller bp fragments
is sometimes done, but the standard method of verification is
the oligo bead capture (15) .
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FIGURE 6
Gel Electrophorogram of HPLC Fractions
A 4% agarose gel, run as described in "Methods" section.
Lane 1 contains 123 bp DNA ladder standard from BRL. Lanes 2,
5, and 11 contain Bio-Rad DNA marker standards. Lanes 3, 7, and
9 contains HAE Ill-phi xl74 digest DNA markers from IBI. Lane 4
contains sample from HPLC fraction 1. Lanes 6 and 13 contain
sample from HPLC fraction 2. Lanes 8 and 14 contain original
PCR product mix. Lanes 10 and 15 contain samples from HPLC
fraction 3. Lane 12 contains sample of PCR product from 110
oligomer target.
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Since this experiment showed detection of the PCR product
using the HPLC system, experiments to determine the amount of
PCR product were initiated. One of the first experiments was to
determine the relative detection range of the PCR product mix
and if any day-to-day variability in detection occurred. A
sample of the PCR product was provided by M. King and aliquots
were injected onto the column from 20-100 ul. Duplicate
injections of the product were made and the integrated area was
determined. The result of this experiment was poor
reproducibility between replicates, suggesting carryover between
runs or an inadequate integration method.
It was at this point in the research that the Waters 840
Data Module was used to replace the Waters 745 data module. A
feature of the 840 Data Module is the ability to reprocess the
chromatogram and integrate specific areas. This included
allowing the operator to indicate where to start and stop the
baseline for area integration. These features were not
available with the Waters 745 Data Module. Repeating the above
experiment and integrating the product peak area with the 840
Data Module gave good reproducibility with duplicates on the
same day. Table 3 shows the amount of PCR product injected,
integrated area, and retention time of the peak. The retention
time is shorter than reported above for the product peak. This
is assigned to two reasons: 1) the injection loop on the Wisp
was changed from the large-size loop (capacity of 5 ml) to the
small-size loop (capacity of 200 ul) and 2) changes in the
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column during the run. The latter will be discussed later in
this section. Table 3 shows good reproducibility between
replicates. These values were obtained using the Waters 84 0
Data Module and reprocessing the data by specifically assigning
start and stop values for area integration.
TABLE 3
Reproducibility of PCR Product on HPLC
Injection volume Retention times (1,2) Area #1 Area #2
20 Ul 21.18, 23.58 12772 12667
40 ul 23.63, 21.24 24642 23471
80 ul 23.52, 23.46 55586 49695
100 Ul 23.46, 20.89 65134 70889
As a result of the above experiment, it was determined that
quantitation of the PCR product was possible and that a range of
concentrations showing a linear response could be determined.
Several ways to determine the product were evaluated. The way
3
decided to be the cleanest and safest is using H-dATP in
conjunction with the non-labeled dNTP's used in the PCR reaction
3
mix. The reason H-dATP was chosen was the result of ruling
out the various alternatives that did not meet the sensitivity,
safety, and method of detection criteria. The alternatives
chosen but not used were:
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1. Attachment of a fluorescent tag to a primer and measurement
of fluorescent after PCR This was declined since there was
no way to quantify the amount of primer tagged with the
fluorescent marker and radiolabeling was as (or more)
sensitive than fluorescence.
2. Preparation of a radiolabeled primer, specifically using
3 2
P. This was declined since both primer and product
peaks would have to be carefully measured to account for
32
the total P and the obvious safety factor.
3
What made H-dATP the attractive alternative was the high
number of adenosine residues in the target (51) , the low level
of radioactivity compared to other tritiated dNTP's, yet the
sensitivity to do quantitative determinations. Because of the
high number of adenosine residues in the target, the ratio of
3
H-dATP to ATP in the total dNTP mixture could be minimized
for safety yet still provide adequate counts for quantitation of
product. This experiment was performed using the amounts of
each reagent, as described in the
"Methods" sections. Two PCR
3
reactions were done one with a mixture of H-dATP ("hot") and
dATP (cold) and one with standard, "cold", dNTP's. The reaction
was run for 3 0 cycles in the Perkin-Elmer thermal cycler, as
described in the "Methods" section. Both the "cold" and "hot"
product mix were tested for PCR product by agarose gel
electrophoresis, as described earlier. The electrophorogram of
this experiment is shown in Figure 7. Lanes labeled 3 and 4
were samples from the "cold" PCR reaction mix, while Lanes 6 and
-28-
FIGURE 7
Gel Electrophorogram of Radiolabeled PCR Product
A 4% agarose gel run as described in the "Methods" section.
Lanes 1 and 10 contain HAE-III Digest DNA marker standards.
Lanes 2 and 3 contain "cold" negative controls, lanes 4 and 5
contain "cold" PCR product samples. Lanes 6 and 7 contain "hot"
negative controls, lane 8 and 9 contain "hot" PCR product.
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7 were from the "hot" PCR reaction mix. Lanes 1 and 8 are a HAE
III Digest DNA standard from New England Biolabs and lanes 2, 5
were negative controls. In Figure 7, it is observed that the
PCR product was made. Verification of the correct PCR product
is done by comparison with the DNA marker standards and testing
of the "cold" and "hot" product by oligo bead capture as
described in Appendix 3 . The results of the experiment
verified that the band was the PCR product of the correct target
sequence.
Samples of "cold" and "hot" PCR product were injected on
the HPLC system and fractions were collected at retention times
before, during, and after the PCR product peak was eluted. The
area of the peak was determined using the Waters 84 0 data
module. The fractions were counted using the LKB scintillation
detector as described in the "Methods" section. Table 4 lists
the sample, amount injected, integrated area, and net cpm.
TABLE 4
Results from Radiolabeling Experiment
Sample Type Injection Volume Area
"cold" sample 20 ul 9294
"hot" sample 20 ul 9271
"hot" sample 100 ul 53468
"hot" sample 100 ul 55054
Net cpm
n/a
26959
130026
134008
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The area data between the
"cold" and "hot" PCR product show
that the material is the same within error (< 5%) . The net cpm
from the different amounts of material collected and counted
were used to determine the amount of PCR product.
The concentration of dATP in the dNTP mix is 2 00 uM. In
the "hot" reaction, 100 ul of dNTP mix was used along with 10 ul
of "hot" dATP. The total amount of dATP ("hot" and "cold") is
-8
2.15 x 10 moles. This is calulated from equations 2 and 3.
6
100 UL X (1L/10 UL) X (1 mole/1 L) x 200uM
-8
2 x 10 moles (2)
and
6
10 uL x (1L/10 uL) x (1 mole/1 L) x 149 uM =
-9
1.49 x 10 moles (3)
The ratio of "cold" to
"hot" dATP is equal to 14.4. The
3
specific activity of H-dATP is diluted by the amount, so the
3
final specific gravity of the H-dATP in the reaction mixture
is shown in equation 4 .
16.8 Ci/mMol X 1/14.4 = 1.17 Ci/mMol dATP (4)
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Using the cpm results from Table 4, the amount of
microCuries of radiation can be determined. Using the cpm data
from the 100 ul injections done in duplicate, the microcuries of
3
H-dATP is calculated using equation 5.
Net cpm * 1/counting efficiency = dpm (5)
or
(130026 + 134008)cpm/2) * (1/.27) = 488951 dpm
and
6
488951 dpm/ 2.22 x 10 dpm/uCi = 0.220 iCi (6)
3
From equation 6, the concentration of uCi of H-dATP for
a 100 ul sample is found to be 0.220 uCi/100 ul . Using results
from equation 4 , the concentration of the product based on dATP
can be produced by using equation 7.
0.220uCi/100 ul x 1 mMole/1.17 Ci = 1.88 uM (7)
The result from equation 7 is the concentration of product
based on dATP, but there are 51 adenosines/duplex strands of
product so the concentration of product is found by equation 8.
1.8 8 uM /51 = 3 7 nM PCR product (8)
From the integration area in Table 4 and the results from
equation 8 , it can be concluded that the concentration of the
"cold" and
"hot" product is 37 nM. The cold product can now be
used as an internal standard against other samples to quantify
the amount of PCR product made.
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Using equation 1 and knowing the number of cycles, initial
number of target copies, and determining the final number of
copies by this HPLC method with its known product concentration,
the efficiency of the PCR reactions using the HIV-1 target can
be determined. Table 5 lists the values for the PCR reaction
described above and the ranges due to error.
Table 5
Efficiency of PCR Reaction
12 &
Final concentration = 2.227 x 10 molecules +/- 5%
Initial concentration = 5000 molecules +/~ 5%
Number of cycles = 3 0
Efficiency = 94.2% +/~ 1%
6 23
&: 37nM X (100 ul) x (1 L/10 uL) * (6.02 x 10
molecules/mole)
The errors contributing to the values assigned for the
initial and final concentrations are based on precision of
volume delivery, radiation counter to determine radiation cpm,
and initial concentration based on the known reference source of
HIV-1 target.
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Using the product from the above reaction as an internal
standard, several samples from PCR reactions were assayed on the
HPLC to determine the amount of product. The sample from the
PCR reaction experiment described above is used only as a
one-point standard versus construction of a calibration curve.
Figure 8 shows the chromatograms of the PCR product being used
as the standard. It also demonstrates the report issued by the
Waters 84 0 Data Module after the product peak has been
integrated. In Figure 8, the top chromatogram is scaled to the
largest peak (corresponding to the dNTP's), while the second
chromatogram is scaled for the peak of interest or product
peak. This peak's retention time and area are displayed at the
bottom of the figure.
Table 6 lists the sample number, retention time, integration
area, and concentration of PCR product determined. The
concentration of the samples was calculated by using the "cold"
product as the standard and using equation 9 to calculate the
concentration of the unknown samples.
C = A * C /A (9)
spl spl std std
where C is # moles of unknown sample
spl
A is integration area of unknown sample
spl
C is # moles of standard, based on injection
std
volume of 3 7 nM product
A is integration area of standard
std
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FIGURE 8
HPLC Chromatogram of PCR Product used as Standard
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In Table 6, samples la-lf are different sample injections
from the same PCR product. This material could be used in the
future as a standard for measuring the amount of PCR product
from the HIV-1 target. When averaging the six samples, a mean
of 21.6 nM with a 6.0% coefficient of variation is obtained for
this product as a reference value in future PCR product assays.
During the course of this research, it was discovered (and
verified) that the Gen-Pak Fax column changes from day to day;
and although within-day reproducibility is good, as demonstrated
above, there is a day-to-day variability. This requires that an
internal standard of known concentration be used to calculate
the unknown samples. Since this has been established, new
"standard" material can be assigned based on integration areas
when compared to samples from the PCR quantitation experiment.
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TABLE 6
Detemination of Unknown Sample Concentration from PCR Reaction
Sample # Volume Area Retention Time
Standard* 50 ul 98826 21.94 min
Standard* 50 Ul 98125 22.17 min
Standard* 50 ul 119846 22.76 min
1 20 ul 26858 22. 12 min
la 20 ul 24514 22.41 min
lc 50 ul 63838 22.00 min
Id 50 ul 61155 22.41 min
le 100 ul 121717 22.06 min
If 100 ul 112150 22.64 min
2 50 ul 59735 22.06 min
3 50 ul 68742 22. 17 min
4 50 ul 68878 21.59 min
5 60 ul 9177 22.17 min
6 100 ul 17277 22.17 min
7 100 ul 9865 22.29 min
8 100 ul 12306 22.17 min
9 100 ul 15407 22.00 min
10 45 ul 4138 22.4 min
11 100 ul 6989 22.1 min
Moles nm Cone.
1.85E-12 37
1.85E-12 37
1.85E-12 37
0.47E-12 23.5
0.43E-12 21.5
1.12E-12 22.4
1.07E-12 21.4
2.13E-12 21.3
1.96E-12 19.6
1.05E-12 20.9
1.20E-12 24. 1
1.21E-12 24.1
0.16E-12 2.7
0.30E-12 3.0
0.17E-12 1.7
0.22E-12 2.2
0.27E-12 2.7
0.07E-12 1.6
0.12E-12 1.2
* The area of the three (3) standards was averaged to calculate
the moles of the unknown sample.
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Secondly, since a normal PCR reaction produces only
approximately 300-1000 ul volume, it is a necessity to use an
internal standard for calculating unknowns versus creation of a
calibration curve before each sample assay. It is also
advantageous in that it reduces the total time to determine the
concentration of an unknown since only one or two standards are
used versus a series of five.
The method of radiolabeling the specific product could be
used for alternate PCR products from HIV-1 and other associated
targets. Once a product standard is assigned, the method can be
used to assay subsequent samples. The advantage of this method
over the existing gel electrophoresis method is that it is as
rapid, more quantitative, and product can be collected easily
for further testing (i.e., fraction collecting).
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V . SUMMARY
The purpose of this project was to develop a quantitative
method for determination of the PCR product from a DNA target
fragment associated with AIDS.
Using the Waters Gen-Pak Fax column, the product was
detected. Using a radiolabeled dNTP, the product was quantified
and the product peak area integrated. Finally, the efficiency
of the PCR reaction was determined. The value of 94 percent
determined is higher than estimated by personnel using gel
electrophoresis (15) .
The development of this method will allow researchers to
have a quantitative method of evaluating the results of their
experiments with PCR for detection of HIV-1. Although it
certainly will not be usable in a clinical lab with blood
samples, the method will enhance the research being done to
develop an early detection method for AIDS that will replace and
be superior to the ELISA and SDS-PAGE tests that currently
exist.
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OUZ-U ^,NEWENGLAND
100 ug llfafefa-
PhiX174 rf'*^^
*
Has 111 Digest
1,000 ug/tnl Lot 97
fX174 RF DNA - Hae. Ill Digest
s supplied In 10 mM TMs-HCl
(pH 8.0). 1 mM EDTA.
Description: The Hae III digest
of 0X174 Am3cs70 DTiA yields 11
double-stranded fragments of the
following sizes:
Fragment Number of base pairs
1 1353
2 1078
3 872
4 603
5 310
6b 281
6a 271
7 234
8 194
9 118
10
STORE AT -20
-Al-
BIO-RAD
Catalog No. 170-3465 DNA Size Standards - LowRange
Contents:
Quantity:
Concentration:
Sizes:
Storage:
Shelf Life:
Use:
Low range DNA size standards are a mixture of pBR322 digested with
Avail and pBR322 digested with both EcoRI and Avail. The standards
are supplied in TE (10 mM Tris-HCI, pH 8, 1 mM EDTA).
10Mg
0.2Mg/Ml
42, 88, 222, 249, 279, 303, 634, 800, 1434, and 1746 base pairs.
- 20C for long term storage. 4C for short term storage.
1 year at -20C. 6 months at 4C. Use only sterile pipet tips when
removing aliquots. Introduction of nucleases will shorten the shelf life.
Low range DNA size standards are used to estimate molecularweights
of DNA fragments separated on polyacrylamide gels or high percent
age (>1.5%) agarose gels. Use only sterile solutions, pipet tips and
tubes. One ^l per lane is sufficient to detect all but the 42 base pair
fragment by ethidium bromide staining. The fragments can be radio
labeled by DNA Pol I, Klenow Fragment (catalog no. 170-3420) or by T4
DNA Polymerase.
Base pairs
1746
1434
800
634
303
279
249
222
Base pairs
1746
1434
600
634
303
279
249
222
88
DNA Size Standards - Low range separated on A. a 1.8% agarose gel and B. an 8% polyacrylamide gel.
988 880703
Bio-Rad Laboratories, 1414 Harbour Way South, Richmond, CA 94804 Phone (415) 232-7000
IBI
Certificate of Analysis
Purified Nucleic Acids for Molecular Biology
Lifeonthe
n
Product Hae III-PhiX174 RF DNA Marker
Catalog Number 76120
Lot Number J813-A1
Storage Temperature +4oC
Concentration 585 ug/ml (in ImM Tris, pH 8.0 - 0.1 mM EDTA)
0D 260/280 1.72
Nuclease Contamination; None detected when measured by self-incubation in
Reaction Buffer "A" for 16 hours at 37oC.
Molecular Veight(s) Number of base pairs Kdal
1,353 903
1,078 719
872 582
603 402
504* 336
310 207
281 188
271 181
234 156
194 129
118 79
72 48
* Strain-specific mutational event has resulted in the appearance of this
extra band.
For additional information concerning the use and/or specifications of this
product, please contact the IBI Technical Services Department.
Toll Free (800) 243-2555
The CuttingEdge ofMolecularBiology J^J^fy
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111~1.4 Research Laboratories Inc. Bethesda Life Technologies, 
Product: This product is distributed for research use only. " has not 
been approved IOf diClgnostic or drug purposes nor for ad· 
ministration to humans or animals. 
123 bp DNA LADDER 
Cat. No.: 5613SA/SB 
71101 Storage Conditions: -20'C Lot No.: 
Size: Patent 4'C;:6 
These DNA frasments have been ~~alified as ethidium bromide stainable earkers for gel electrophoresis . 
The fragments can also be radioactively labeled by one of the following :ethods*: (i) Labeling of the 5 ' 
ends with T4 Polynucleotide Kinase; (ii) Filling in of the 3' recessed e:cs with E. coli DNA Polymerase I 0 
the Large Frasment of DNA Polymerase I; (iii) Partial exonucleolytic deg:adation ;nd-;;;ynthesis with T4 
DNA polymerase . The last method is most effiCient . Labeling by T4 poly:~cleotide kinase results also in 
labeling of RNA (present as a contaminant) which migrates just in front :! band ~1 . 
FRAGMENT 
NO. 
25 
20 
. 
10---9---
8---984 7--- 861 
6 736 
5--<§) 
4-- 492 
3-~369 
2--~ 
1--123 
FRAGMENT SIZE 
(nucl .. ,. ';.ides) 
.,82 
4059 
3936 
3813 
3690 
3567 
~4 
3321 
3198 
3075 
2~2 
2829 
2706 
2~3 
~~EC 
2337 
2214 
2091 
1968 
1845 
QUALITY CONTROL ASSAYS 
E?T S:~?~GE BUFFER : 
10~ ::ls-HCl (pH 7 . 5) 
50 ::r! S"Cl 
O.~ ::r! Na2 EDTA 
NO:::~ : 
1. ~~\~ No. 1 MIGRATES JUST BEHIND THE 
BR~NOL BLUE MARKER ON 4% 
POLYf~.YLAMIDE GELS WITH TRIS-BORATE 
(FE :.0) AS RUNNING BUFFER. 
2. D~~SG AGAROSE GEL ELECTROPHORESIS 
(1.5: AGAROSE) WITH TRIS-ACETATE 
(pE 7.5) AS RUNNING BUFFER, BROMPHENOL 
BLU:: ~GRATES JUST AHEAD OF THE 492 
bp :;::_~.GMENT. 
3 . ON ErGH RESOLUTION GELS (B% 
POLY.~.=-.LYHIDE )FRAGMENTS ~1 AND 2 
MI~~::: SLIGHTLY SLOWER THAll BLUNT-ENDE 
1.23 J_"~ 246 h~ FRAGMENTS, Rl'S?Fr T TVF.l.V 
(SEE ~~J:K PAGE) . 
4. FC~ 5EST RESULTS COMBINE 5 ~g OF 123 
bp L~~JER FRAGMENTS WITH 2 ~l OF (1% 
SDS, 0.1% BROMPHENOL BLUE, 100 mM EDTA, 
50% ~YCEROL). HEAT AT 65·C FOR 5 
Mlhu_ES AND LOAD THE ENTIRE SAMPLE ONTO 
T~ ~. IF THE IONIC STRENGTH OF 
THE SE_,,:?LE IS TOO LOW THIS CAN CAUSE 
BLU?3JSG OF THE BANDS. 
1. Upon electrophoresis of 5 ~g 0: Qarker DNA on a 1 . 5% agarose 
gel for 9 . 5 cm (Bromphenui Bl~e front) under BRt standard 
conditions , bands 11 through 25 oust be distinguishable . 
2. Band 11 must be more intense ~~ any other band. 
3. Upon labeling of the DNA with ~ P by ' any one of the three 
methods mentioned above a •• d su!::sequent gel electrophoresis of 
the labeled DNA , the autoradiogr~ of the gel ~wst show sharp 
bands with a clear backg.uund. Standard gel/autoradiograms must 
resolve at least bands 11 thro~h 25 . 
4. The A260/A2BO ratio is routinely observed to be in the 
range of 1 . B - 2 . 0 . 
* The corresponding enzymes and Nucleic Acid Labellng Systems are a.ailab~~ from BRt (Catalog No . in 
parenthesis) : T4 Polynucleotide Kinase (B004); 5' Nucleic Acid Labeling System (B060) ; DNA Polymerase I 
(BOlO); Large Frasment of DNA Polymerase I (B012); T4 DNA Polymerase (6005); T4 DNA Polymerase Labeling 
System (B140). 
Quality Control Assay 
Conducted By: 
Name(s) Illegible 
Form tJ15613A 
Qual~';.y Control Data 
Exami~ed and Approved: 
Name Illegible 
The BRt Technical Services De;artment welcomes all questions concerning the use of this product. Please 
call the number for your area listed below. 
Ga.lhersburg. MD 20877 U.S.A. 
Tel: (800) 638-40451(301) 64(}&100 
Burlinglon. Onla"o Canada L7P lA I 
Tel. (416) 33$02255 
Uxb"dge UBS 2YG M,ddlesex Eool.nd 
Tel: 0895 36355 
4824 AD Breda n.. Netl>eNnds 
Tel: 076 41 99 44 
Tsuen Wan, New Terrilories Hong Kong 
Tel: 0 444 1578 
PaIsley PA3 4EF Scalland 
Tel: 0418896100 
7514 EggenSletn West Germ.ny 
Tel: 721 705006 
95051 Cergy Ponloise Cedex Franc<! 
Tel: 1 3A 64 54 40 
Il-L/ 
9000 Genl Belgium 
Tel : 091 277031 
CH 4018 Basel Swilzerl.nd 
Tel· 061 354066 
Penrose. Auckland 6 New Zealand 
Tel: 64 09 593024 
ToI<yo 101 J.~n 
Tel: 03 851 2111 
APPENDIX 2
REVISION 1, DRAFT 3
GEN-PAK FAX CARE AND USE MANUAL
1 . Introduction
Please take a few minutes to examine this mamai. The first five sections contain brief tips on how to install,
use, store and troubleshoot your column. Sections 6 and 7 go into more detail on how most effectively to
use your column for nucleic acid separations and on how to develop specific procedures. The last section
provides ordering and warranty information.
1.0 Description
The Waters Gen-Pak FAX column is a 4.6 x 100 mm steel column containing a polymer-based high-
performance anion-exchange packing. This column is designed to perform high-resolution analysis and
purification on various nucleic acid species (up to at least 5,000 base pairs) such as DNA restriction
fragments, polymerase chain reaction (PCR) products, plasmids and synthetic oligonucleotides.
2. Installation and Start Up
To ensure attaining high performance from this column, the tubing connecting the injector to the
column and the column to the detector should be 0.010 inch I.D. or smaller.
Before attaching the column, attach a union in place of the column and flush the HPLC system free of
previously used solvent.
Remove the end plugs from the column with a 5/16-inchwrench. (Be sure to save the end plugs and
replace themwhen the column is removed from the system for storage.) The column outlet is
indicatedby an arrow on the label showing the direction solvent should flow. Tighten the fittings 1/4-
to1/2 turn. DO NOT OVERTIGHTEN - THIS WILL DAMAGE THE FITTING SEAT. A property prepared
and assembled compression fitting in good condition as shown in Figure 1 is all that is required.
Because fittings may vary it is important to verify that the tubing in your system bottoms in the column
end nuts.
Follow the next three steps of this procedure if tubing must br cut to connect a new steel column
or to improve the end connections on existing fittings.
1 . Using a three-cornered file with a cutting edge, scribe the circumference of the tubing at the
8-i
desired break.
2. Grasp the tubing on both sides of the scribe mark with cloth-covered pliers (to prevent marring
the tube surface) and gently work the tube back and forth until it separates.
3. Slide the compression screw, followed by the ferrule (large end of the taper first) over the tube.
Be certain to bottom the tube in the fitting seat to assure a leak-free connection.
COMPRESSION SCREW OR NUT
FERRULE
TUBE.* h--U S END MUST BE STRAIGHT
AND SMOOTH TO ACHIEVE
I MAXIMUM COLUMN EFFICIENCY
CRITICAL DISTANCE TO BE DETERMINED BY
EACH APPLICATION (UNION, COLUMN FITTINQ, ETC.)
FIGURE 1 FERRULE AND COMPRESSION ASSEMBLY
3. Chromatography Guldllnes
Use pure buffer salts and MilliQ (including theOrganex-Q cartridge) water (or equivalent 1 8
megohm water), filtered to remove microparticulate matter larger than 0.45 microns. Filtration with an
even finer filter (0.22 microns) may improve column life. Solvents should be degassed (vacuum
filtration, sonication or helium sparged prior to use).
Do not inject microparticulate-corrtaining samples. Centrifuge or filter sample before injection.
Do not exceed 4,000 psi operating pressure or about 1 ml/min. at 25C.
Stay within a pH range of about 1 .5 to 12 (do not use concentrated acids or bases).
Use of organic solvents other than methanol or acetonitrile at greater thanl 0% in water is not
recommended.
Make flow rate changes in a gradual manner (less than 1 ml/min/min.) to avoid column voiding.
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Never reverse flow in the column.
Cleaning of the column between nucleic acid injections with three to five ml of 0.1 0 N
phosphoric acid is recommended (see section 6). Alkali cleaning is not recommended.
4. Column Performance
To validate system and column performance, testing a new column with a standard sample is
recommended. This also provides a basis for detecting system component changes and trouble
shooting. The commercially available (New England Biolabs, Inc., 32 Tozer Rd.. Beverty , Ma. 01915-
5510) Hae III digest of 0X174 RF DNA ( Cat. # 302-6)or the Bst N I digest of pBR322 (Cat. #303-1)
are suggested.
Liquid chromatography columns have a finite life which is directly related to the care and use they
receive. Column life is influenced by the number of injections, sample and solvent cleanliness,
frequency of solvent changeover, and handling and storage procedures.
If a change is observed in the retention of a particular compound, resolution between two
compounds, or peak shape, take immediate steps to determine the reason for the changes.
Until the cause of the change is determined, the results of any separation using the column must
regarded as suspect.
5 . Column Storage
Special storage procedures are not necessary for columns left unused for less than 24 hours.
For longer term storage, flush column with about 25 ml of MilliQ water followed by about
4 ml of 10% methanol in water. Disconnect the column. Screw end plugs firmly in
place, return the column to its box and store at 4C. Allowing the column to dry out can degrade
chromatographic performance. When reinstalling column flush with 25 ml of MilliQ water to
remove any methanol prior to introducing buffers.
6. General Considerations In Purifying DNA Restriction Fragments, Polymerase Chain
Reaction (PCR) Products, Plasmids and Synthetic Oligonucleotides on Waters' Gen-
Pak FAX Column
The DNA fragments are classically isolated using gel electrophoresis. Although resolution is good, the
technique has limited mass capacity, often gives low yields of extracted fragments, and is time-
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consuming(l). TheWaters Gen-Pak FAX column is a useful alternative for the rapid purification and analysis
of such nucleic acid species. Separations are often accomplished in about 30 minutes with excellent
recoveries (>95%) of biologically active material directly from the column. Direct U.V. monitoring of the
column effluent provides subnanogram sensitivity without the need for indirect visualization via ethidium
bromide staining or autoradiography. Depending upon sample complexity, as much as 50 to 100 ug. of
DNA can be separated in a single run. Since the separation is based primarily upon the overall charge of
each fragment, smaller fragments elute prior to larger ones using an ionic strength gradient as shown in
Figure 1.
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6.1 Buffers
The preferred chromatographic buffer is 25 mM Tris/CI, 1 mM EDTA, pH 8.0. Useful chromatography can be
obtained with sodium phosphate buffer, but the phosphate coprecipitates with the DNA in the common
ethanol-precipitation procedures. The inclusion of EDTA in the buffers is recommended to protect the DNA
from nucleases during and after the chromatography (1). The recommended buffers for DNA fragment
separations are 25 mM Tris/CI, 1 mM EDTA, pH 8.0 for Buffer A and 25 mM Tris/CI. 1 mM EDTA, 1 .0 M NaCI,
pH 8.0 for Buffer B. The buffers should be filtered through a 0.45 u. filter (P/N 85147) and vacuum
degassed before use.
6.2 Equilibration and Flow
Rigorous control of column equilibration is essential for predictable and reproducible chromatography. The
Gen-Pak FAX column should be equilibrated with 10 column volumes of buffer at initial chromatographic
conditions before injection. The column can be used at flow rates from below 0.5 to 1 ml/min., but 0.75
S-H
ml/min. is recommended for general use.
6.3 Temperature Effects
The conformation of DNA fragments and therefore the Gen-Pak FAX separation of those fragments, is
affected by temperature. At higher temperatures, the structure of DNA is more open or relaxed so more
ionic groups can interact with the column. In general, higher ionic strength is required as temperature is
elevated. Since conformation is dependent on base sequence, variations in temperature over the range of
30 to 60C can be used to optimize a particular separation. Where elevated temperatures are not required,
the column should still be operated at a controlled temperature, typically 5C above ambient, to ensure
reproducibility.
6.4 Detection
The separation of subnanogram quantities of DNA can be monitored at 260 nm provided that the buffers are
pure and free of U.V. absorbing contaminants. Blank gradients on a properly equilibrated column should be
assessed prior to performing actual sample chromatography.
6.5 Sample Size
Depending upon the size differences among the fragments to be isolated, as much as 50 to 100 ug. of DNA
can be applied to the column. Injection volume is essentially unlimited as long as the ionic strength of the
sample is at least 0.1 M less than that required to eiute the fragment of interest. For injection volumes above
100 ul., the sample should be at pH 8. Excellent recoveries (i.e. >95%) of biologically active material have
been obtained purifying samples containing fragments of 5000 base pairs and less.
6.6 Sample Treatments
DNA fragments generated by restriction enzyme digestion or from the polymerase chain reaction may be
extracted with phenol/chloroform prior to chromatography (2). However, the reaction mixture may be
injected directly since most proteins are completely unretained under conditions used for the separation
(i.e., 0.30 M NaCI). In all cases, particulate material should be removed from samples by centrifugat'ion or
filtration through a 0.45 u. Milliex HV (P/N 85996) or HV4 (P/N 82680) filter. In addition, samples should be
heat treated at 37C for 10 min. prior to injection to disrupt any reannealed termini of the DNA fragments.
6.7 Gradients
Typical DNA fragments elute from the Gen-Pak FAX column between 0.4 and 0.75 M NaCI at 30C. The
column should be equilibrated at 0.1 M below the ionic strength required to elute the smallest fragment of
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interest. Useful gradients are usually on the order of 5-10 mM/min at 0.75 ml/min.
6.8 Column Washing
Upon completion of each separation, the column should be washed with a small volume of 0.1 N phosphoric
acid to maintain its chromatographic characteristics as well as to eliminate sample carryover from injection to
injection. Specifically, the column should be flushed with 5 ml Buffer B after elution of the last fragment.
Three to five mis of 0.1 N phosphoric acid should then be pumped or injected (use an appropriate sample
loop and a Luer-LOK syringe and blunt needle on the injector) onto the column. The column is then
flushed with approximately 5 ml of Buffer B and reequilibrated for the next sample injection. Washing with
sodium hydroxide does not perform as well as the described phosphoric acid procedure and is not
recommended.
6.9 Storage
Between uses, the column should be flushed with 10 to 20 column volumes of MilliQwater, to remove all
salts, followed by about 4 mis of 10% methanol/90% MilliQwater and stored at 4C. Before reusing the
column, it should be flushed with MilliQ water prior to buffer equilibration.
7. Developing a Nucleic Acid Separation on Waters' Gen-Pak FAX Column
As an example the development of the separation of a restriction enzyme digest, the Hae III digest of 0X
174 RF, is described. The Hae III digest of 0X 174 RF contains 1 1 fragments ranging in size from 72 to 1353
base pairs.
7.1 Initial Gradient
Chromatography is initially performed using a relatively steep ionic strength gradient. As shown in Figure 1 ,
these conditions do not completely resolve the 234, 271 , 281 and 31 0 (peaks 4 - 7) nor the 603, 872,
1078, and 1353 (peaks 8-11) base-pair fragments.
7.2 Gradient Optimization
Resolution can often be improved by systematic adjustment of gradient conditions, in this case to a more
shallow gradient. It is possible to calculate the approximate NaCI concentration required to elute the first (72
bp) and last (1353 bp) restriction fragments from the data obtained in the initial chromatography. First, the
system volume from point of gradient formation to detector cell must be known. This volume can be
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calculated using the following protocol. Remove the column from the system and set detector to 260 nm.
Flush the pump and solvent lines with Eluent A (MilliQ water) and Eluent B (0.01% acetone in MilliQ water)
and monitor the detector until it reaches the new, higher value of about 0.032 absorbance units with a one
cm cell. The system delay volume corresponds to the midpoint of this absorbance change. For the
instrument used in this series of experiments, the system volume was 7.5 ml, corresponding to 10 min. at
0.75 ml/min. The 72 base-pair fragment elutes at 22 min. reflecting the NaCI concentration at 12 min. in the
gradient table or 0.56 M NaCI. Similarly, the 1353 base-pair fragment elutes at 0.65 M NaCI. A more shallow
NaCI gradient, from 0.54 to 0.67 M NaCI over the same 30 min. time interval, significantly improved the
resolution as shown in Figure 2.
7.3 Temperature Optimization
Adjustments of gradient slope may not produce adequate resolution of DNA fragments in every case.
However, changes in the temperature at which the separation is performed can alter the relative retention of
the fragments (3). In this example, chromatography of the Hae III digest of 0X 174 at 60C (Figure 3) yields
slightly less resolution of the 72 and 118 base-pair fragments yet significantly improved resolution of the
271 , 281 and 310 base-pair fragments. Since it is not possible to predict the best separation temperature
for a particular sample, it is often useful to compare separations at two temperatures, such as 30C and
60C. Although increased NaCI concentration is required to elute DNA fragments from the column at
elevated temperatures, chromatography at such temperatures will not shorten the column life nor affect the
biological activity of the collected samples.
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generated from restriction enzyme digests or from the polymerase chain reaction. This example can serve
as a model for adapting this technique to the requirements of a particular samples.
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8. Troubleshooting
With continued use, it is possible that excessive pressure buildup (more than 4,000 psi at 1 .0 ml/min. @
25C )or loss of resolution may be experienced. These may both be caused by the buildup of particulates
from samples or eluents on the inlet filter. Filtration of samples and eluents will greatly extend inlet filter and
column life. However, if pressure buildup or resolution loss occur any of the following steps may help. They
are listed in order of preference.
Perform 0.1N phosphoric acid wash as described in Section 6.
Incubate column (no flow) with a nuclease and/or a protease for at least 12 hours at appropriate
buffer concentration and temperature. Flow 50 ml. of buffer B to purge all enzyme and reaction
products before resuming operations.
Carefully remove inlet end nut, remove inlet filter, wash in 1 .ON phosphoric acid in an ultrasonic
bath, rinse in MilliQwater and replace.
Remove inlet filter and replace with a new one (P/N 15715).
9 . Service/Warranty/Order Information
9.1 Service and Applications Assistance
Waters Chromatography Division's staff of experienced service specialists provide maintenance assistance
on both preventative and/or corrective levels. For complete information and assistance, please call Waters
Service Department at 1-800-252-HPLC. For solutions to particular applications questions Waters team of
technical support personnel are available to help you with specialized support. They may be contacted at
B-r
APPENDIX 3
A. OLIGO BEAD CAPTURE METHOD:
Figure 9 is a schematic of the oligo bead capture method. A
DNA fragment is attached to a polymeric bead covalently. The
DNA fragment is complementary to the target seguence for HIV-1
used in the PCR experiments described in the text. A sample of
the PCR product is mixed with the oligo bead and hybridization
is initiated. The hybridization is terminated, and the mixture
washed to remove excess PCR product and other PCR components.
Since the PCR product is amplified using two primers, one of
which is biotinlyated, the product of the hybridization is
reacted with a streptavidin-horseradish peroxidase complex,
washed again, and then a leuco dye/hydrogen peroxide mix is
added. If the product is from the correct target seguence, a
color reaction is observed. Positive and negative controls are
also run along with each PCR product sample.
B. Results:
All PCR product samples used in this study were tested by
the oligo bead capture method. All PCR product samples,
including the PCR product sample from the radiolabeling
experiment, tested positive. This implied that the PCR product
was from the correct target seguence associated with HIV- All
testing was performed by Marlene King of Life Sciences Research
Laboratory, Eastman Kodak Company.
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FIGURE 9
Oligo Bead Capture Method
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